Radon activity concentration was measured in 101 springs and well water samples collected from Muzaffarabad city and its outskirts. Sixty springs and 41 well water samples were analyzed, using RAD7, an electronic radon detector manufactured by Durridge Company Inc., for the estimation of ). As a single measurement cannot serve as a best estimate of the unsampled areas in the region, Kriging interpolation method, a geo-statistical method, was used to get an estimate of spatial distribution of water borne radon in the area of study. Kriging mapping shows that higher radon concentrations are found in areas with lithology consisting of sandstones, siltstones, shales and claystones.
INTRODUCTION
Radon-222 ( 222 Rn), naturally occurring radioactive gas, is produced as a result of the emission of alpha particle Due to low solubility of radon in water, making it prone to de-gassing from water in contact with air, water releases radon into the indoor air and contributes to the total air borne radon concentrations. Hopke et al. () , reported that health risk posed by radon released from water, even at typical ground water concentrations, is estimated to be larger than the risk posed by other water contaminants such as disinfection byproducts.
DNA structure, function, and replication can easily be affected by the radiation emitted from inhaled radon and its decay products. These deleterious effects are usually confined to the respiratory tract. Exposure, then, to elevated levels of radon and its decay products over time will increase a person's risk of developing lung cancer during his or her lifetime.
Ingestion of radon in water may also pose a direct health risk through irradiation of sensitive cells in the gastrointestinal tract and other organs once it is absorbed into the bloodstream (Mills ; Crawford-Brown ) . Thus, radon in drinking water could potentially produce adverse health effects in addition to lung cancer (Hopke et al.
).
For the public, water borne radon is a double source of exposure, via taking water and breathing of radon gas released from water (Cross et al. ; Nasir et al. ) .
Lung cancer (due to breathing) and stomach cancer (due to ingestion) are two important effects linked with the exposure of radon (Mills ) . Ingestion of radon causes irradiation of sensitive cells in the gastrointestinal tract and other organs once it is absorbed into the bloodstream (Crawford-Brown , ).
Interest in the study of Rn in water is increased due to the health hazards of radon in water. In the USA, almost 1-7% of lung cancer sufferers have endorsed the indoor radon exposure resulting from groundwater (Cothern et al.
).
Worldwide survey has revealed the mean concentration of radon in groundwater to be about 183 Bq/L (NCRP ).
For tap water, suggested limit of radon concentration is, radon contour maps on a regional scale with a correspondingly higher spatial resolution are drawn. Spring water naturally runs out of the earth surface continuously, whereas well water is drawn using a pump from a drilled well in the ground. Well water, a dug well, is accumulated with time and can have low radon due to water-air interfacing over time. For public interest, 3D contour maps for radon in spring and well water on a regional scale with a correspondingly higher spatial resolution are drawn. As measurements were taken at single specific location and could not be representative of unsampled area, we have used geostatistical method, Kriging interpolation method, to get estimate of spatial distribution of radon concentration in spring and well water. Present research is addressing the question to what extent variation in water borne radon activity (WBRnA) can be found within the context of a geographical information system (GIS), and intended at the compilation of water borne radon prognosis maps. This map could serve as a best guide to local establishments in the future urban planning process, and in particular these 3D GIS based contour maps will serve as baseline information for the compilation of radon risk maps. To represent the spatial distributions of the radon concentration in the spring and well water samples of the study area, the kriging interpolation method was used (Sarma ). 
STUDY AREA

METHODS
Sampling
Since population density of Muzaffarabad city is not uniformly distributed over the territory, random sampling technique was adopted and drinking water samples were collected from the sites that were frequently used by the inhabitants of the area. People consume drinking water -without further treatment -directly from wells and springs. In the present study, 60 springs and 41 well water samples were collected in 40 mL glass vials.
While taking a sample, the vial was kept vertically erect below the falling spring water at its actual origin, such that it is filled slowly without producing water bubbles.
After the vial is filled up to its edges, tephlon cape was placed on it at once and made tight gently. Presence of the bubbles in the vial was checked, in order to assess loss of radon, by holding the vial inverted. Date, time and temperature was noted for each sample. Geographical parameters of the sampling sites were determined using Magellen GPS tracker. GIS based Figure 1 The air was recirculated and extracted the radon from water continuously until the equilibrium state was reached in the first 5 min, after which more radon could not be extracted. For a 40 mL vial sample, we have used Wat40
protocol in the grab mode to get maximum efficiency of 99%.
When radon-222 decays within the chamber, a positively charged Po-218 nucleus is formed as the daughter product, which is pushed by the electric field on to the detector where it is being attached. Po-218 has a half-life of 3.05 min and decays by emitting an alpha particle, which has 50% probability of entering the detector and producing the electric pulse. Succeeding decays of the Po-218 nucleus produce alpha particles of different energies and beta particles, which are not detected. Different isotopes have different alpha energies and produce different strength signals in the detector and are recorded in different windows.
The height of the pulse is proportional to the energy of the incoming particle. In this way, the mean radon content in the sample is determined using Po-218 activity. In addition to the Po-218, the subsequent radon daughters, Po-214 and Po-210 also emit alpha particles; however, RAD 7 does not detects them.
For the analysis of the next sample, the device is purged for 10 minutes or more so that the relative humidity is less than 6%. With RAD 7, one can measure radon concen- sampling. Yet DCF was applied for 10 h delay and above to correct the sample activity using formula:
where A 0 is the original activity of the sample, A is the activity at sample analysis time, DCF is the decay correction factor. DCF was calculated by using the formula:
The decay correction factor DCF ð Þ¼exp T=132:4 ð Þ
where T is the decay time in hours.
Evaluation of the dissolved radon in the water
The dissolved radon in the water is ingested while drinking and inhaled when released from water in to the indoor air.
Therefore, the annual effective doses (AEDs) for ingestion and inhalation were evaluated according to the parameters given in the UNSCEAR () report.
For ingestion: E WIg mSv a
where the parameter E WIg is the effective dose for ingestion, and EDC is the effective dose coefficient for ingestion 3.5 nSv Bq À1 .
For inhalation:
where the parameter E WIh is the effective dose for inhalation, R aW is the ratio of radon in air to radon in tap water (10 À4 ) and the other terms have been explained above.
Geo-spatial analysis
As sample collections were carried out from specific locations and measurements were not representative of the 
where Z(S i ) is the estimated value at the ith location (ith), λ i is the unknown weight for the measured value at the ith location (ith) and S 0 is the measurement location.
RESULTS AND DISCUSSION
As discussed earlier, 60 springs and 41 well water samples Mill, whereas the maximum value was found in the sample; S-7, collected from Madina Plaza Muzaffarabad.
Concentration of radon borne activities were subsequently used for determination of inhalation and ingestion doses.
For spring water, the inhalation and ingestion doses varied from 0.0062 ± 0.0087 to 0.865 ± 0.14 mSv y À1 and 0.052± 0.073 to 7.22 ± 1.16 mSv y À1 , respectively. These doses were determined using Equations (2) and (3), respectively.
The effect of values for pH of spring water on water borne radon activities were also analyzed. Maximum value of pH was found to be 8.3 (at S-53 location) and minimum value 6.9 (at S-60 location). Maximum radon concentration 34.36 ± 5.54 was found in sample S-7 with pH 7.46 and Mean value of excess lifetime cancer risk (ELCR) for spring and well water samples was computed to be 7.56 × 10 À3 and 3.13 × 10 À3 , respectively, which, in both cases, is much higher than the upper bound of 0.1 × 10 À3 for drinking 
COMPARISON OF RESULTS WITH LITERATURE DATA
Comparison of results (Table 1) 
